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Background: Hip fracture is a significant global public health issue. The link and mechanisms between frailty index (FI) and hip fracture remain unclear. This research examined how anemia mediates the link between FI and hip fracture.

Methods: The study analyzed data from the 2015 China Health and Retirement Longitudinal Study (CHARLS), which included 6,326 participants aged 60 and above. The mediating role of anemia in the relationship between FI and hip fracture was examined using bootstrap analysis and linear regression models.

Results: After controlling for confounding variables, FI was positively associated with hip fracture (OR = 1.13, 95% CI: 1.09–1.16; p < 0.001). Anemia was also positively associated with hip fracture (OR = 1.88, 95% CI: 1.33–2.64; p < 0.001). Mediation analysis showed that anemia indirectly affected the relationship between FI and hip fracture, accounting for 18.95% of the total effect. Subgroup analysis showed that compared with non-frail and non-anemic participants, frail and anemic participants had a significantly increased risk of hip fracture (OR = 4.61, 95% CI: 2.80–7.61). However, no interaction between frailty and anemia was observed for hip fracture risk.

Conclusions: The findings suggest that FI and anemia were positively associated with hip fracture, and anemia played a mediating role in the association between FI and hip fracture. Intervention based on exercise, nutrition and medical management can combat anemia and reduce FI and may be an effective way to prevent or delay hip fractures.
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1 Introduction

Hip fractures are a major public health issue, predominantly affecting older people. These fractures are frequently referred to as the “final fracture of life” in this demographic, owing to their poor prognosis, numerous complications, and elevated mortality rates (1–3). Key risk factors for hip fractures in the older people include advanced age, gender, smoking, alcohol use, hypertension, diabetes, osteoporosis, poor vision, gait and balance problems (2–5). It frequently results in premature mortality, significant disability, limited ability to perform activities of daily living (ADL), and a decreased quality of life (6). Hip fractures are rare among younger individuals, as their occurrence is significantly correlated with advancing age, particularly in the older population (7, 8). Hip fractures in older adults require hospitalization and medical care, significantly burdening families, the healthcare system, and society financially (9–11). By 2050, hip fractures are expected to rise to between 7.3 and 21.3 million worldwide, with 5.9 million occurring in China (12). Consequently, the adoption of preventive measures and early intervention strategies is crucial for mitigating the impact of hip fracture incidence among the older population.

Frailty is increasingly recognized as a key indicator of older adults' health (13). Frailty is a complex syndrome characterized by diminished physiological reserves and an elevated risk of falls, fractures, disability, and hospitalization (14, 15). This condition represents the total health deficits accumulated over a person's life, typically measured by the Frailty Index (FI) (16, 17). A higher FI indicates more health deficiencies and greater frailty (18). Frailty challenges society and healthcare systems, not just affecting older people (19). Thus, it is a major public health challenge in aging societies (20). A study found that frailty, indicated by the FI, predicts future fractures in older adults, with frail individuals having a significantly higher risk of hip fractures than non-frail individuals (21). Conversely, a Brazilian study found no correlation between the FI and hip fracture, suggesting it may not be a reliable predictor of such outcomes (22). Therefore, the specific relationship between FI and hip fracture remains to be explored.

Anemia represents an additional clinical manifestation associated with aging, attributed to the decline in erythropoietin levels and the diminished hematopoietic reserves that occur with advancing age (23). In older adults, anemia is closely linked to physical dysfunction, reduced mobility, a higher risk of disability, hip fractures, and increased mortality (24–27). Taking these factors into account, anemia might be associated with hip fracture. Research in Korea found a link between anemia and increased fracture risk in older people. The study found that anemia was associated with a higher risk of hip fractures in both males and females, with the risk significantly elevated in those with moderate to severe anemia (28).

In this cross-sectional study, we hypothesized that the relationship between FI and hip fracture is mediated by anemia. Utilizing data from the China Health and Retirement Longitudinal Study (CHARLS). We investigated how anemia mediates the relationship between the FI and hip fracture among Chinese older adults, assessing the mediating role within key subgroups and considering the presence or absence of anemia.



2 Study methodology


2.1 Data collection

This research employed a cross-sectional design using data from the CHARLS. CHARLS is a national longitudinal survey targeting Chinese residents aged 45 and older, designed to generate a high-quality, representative, and publicly accessible micro-database. This database provides comprehensive information on middle-aged and older individuals. Participants were chosen from 28 Chinese provinces using a multi-stage probability proportional to size (PPS) sampling technique. Detailed information regarding CHARLS has been documented in a previous study (29). The national baseline survey for CHARLS was conducted in 2015, encompassing 21,095 participants. Participants younger than 60 years (n = 11,154), those lacking hip fracture data (n = 3,258), FI data (n = 0), anemia data (n = 88), and those with missing covariates (n = 269) were excluded. As a result, a total of 6,326 older adults were eligible for analysis, with details provided in Figure 1.
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FIGURE 1
 Flowchart of the participants selection process. CHARLS, China health and retirement longitudinal study.




2.2 Assessments
 
2.2.1 Hip fracture

The primary outcome of interest in this study was the incidence of hip fractures. Hip fractures were evaluated based on self-reported answers to the query, “Have you fractured your hip since the last interview?” (30). To ensure accurate understanding, interviewers explained the anatomical location of the hip bone before the interview. Responses were classified as “Yes” or “No”, with the follow-up period ending in January 2016.



2.2.2 Frailty index

In this study, the calculation of the FI follows a standardized methodology that incorporates all major health domains (32) items were chosen to construct the FI, encompassing variables such as comorbidities, physical function, disabilities, depression, and cognition (31). This FI has undergone validation using the CHARLS database and has been corroborated across various other cohorts (31–34). Except for the 32nd item, each item is converted into binary values of 0 or 1 based on specific cutoff criteria, where 0 indicates no deficit and 1 indicates a deficit. The 32nd item is a continuous variable between 0 and 1, where higher values indicate reduced cognitive abilities. Supplementary Table S1 offers additional information about the FI. For each participant, the 32-item FI (32-FI) is computed by dividing the sum of present health deficits by 32. As a result, FI values vary between 0 and 1, with higher scores indicating greater frailty. According to prior research, frailty is characterized by a 32-FI score of 0.25 or greater (35). The calculation of the 32-FI is performed for each wave of the CHARLS dataset.

To optimize data use and maintain indicator quality, we allowed up to 20% missing variables (a maximum of 6 items) in the FI calculation, a method frequently used in previous studies (19, 36). If participants have over six missing values for these indicators, their FI will be deemed missing. For participants with six or fewer missing values, the mean of the available scores will be computed. For instance, if a participant has 28 valid deficits with a cumulative score of 6, the FI would be computed as 6 divided by 28, resulting in an FI of 0.21.



2.2.3 Anemia

Blood samples were obtained by qualified nursing personnel, and a complete blood count was conducted at the local health center. According to World Health Organization (WHO) standards, anemia is defined by hemoglobin levels below 12.0 g/dL for women and 13.0 g/dL for men (37).



2.2.4 Control variables

The baseline survey included various covariates: gender, age, marital status (married or single), family residence (urban or rural), number of chronic conditions (≥2, 1, or 0), smoking status (smoker or non-smoker), alcohol consumption (drinker or non-drinker), and highest educational attainment (illiterate, primary or middle school, or high school and above).The prevalence of chronic diseases was evaluated by considering 14 self-reported non-communicable diseases (NCDs): dyslipidemia, cancer, hypertension, chronic lung disease, diabetes, liver disease, myocardial infarction, cerebrovascular accident, kidney disease, asthma, psychiatric disorders, gastrointestinal disorders, cognitive disorders, and arthritis. Anthropometric measurements, specifically height and weight, were collected using standardized protocols to compute the body mass index (BMI). Participants were classified into four BMI categories according to the WHO criteria: underweight (BMI <18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2), and obese (BMI ≥30.0 kg/m2).




2.3 Statistical analysis

Total sample characteristics were reported using means, standard deviations and interquartile ranges for continuous variables, frequencies with percentages for categorical variables. Secondly, we performed Spearman's correlation analysis to assess the relationships among the primary variables. The study utilized the mediation model introduced by Baron and Kenny (38). This mediation model assessed the mediating role of baseline anemia in the relationship between baseline FI and hip fracture. Linear regression analyses were conducted to: (1) explore the association between FI and anemia, (2) examine the link between FI and hip fracture, and (3) investigate the FI-hip fracture relationship with anemia as a mediator. We utilized a nonparametric bootstrap approach with 1,000 resamples to assess both the total and indirect effects (39). Finally, using the adjustment variables in Model III, we used restricted cubic spline (RCS) fitting to investigate the potential nonlinear association between FI and hip fracture. In addition, gender, age, marital status, family residence, chronic conditions, smoking, alcohol consumption, and highest level of education and BMI were considered. Fourteen self-reported NCDS including dyslipidemia, cancer, hypertension, chronic pulmonary disease, diabetes, liver disease, myocardial infarction, cerebrovascular accident, kidney disease, asthma, psychiatric disease, gastrointestinal disease, cognitive impairment and arthritis were used to determine the prevalence of chronic conditions for subgroup analysis. These analyses aimed to determine whether these factors modulate the association between FI and anemia on hip fracture. A mediation effect is statistically significant if the bias-corrected and accelerated 95% confidence interval (CI)for each path coefficient does not include 0. R Version 4.3.2 was utilized for all analyses, with two-tailed p < 0.05 representing significance.




3 Result


3.1 Baseline characteristics of the study participants

Table 1 details the characteristics of study participants, categorized by the presence or absence of a hip fracture. At baseline, the sample consisted of 6,326 participants, of whom 6,167 had no hip fracture and 159 had hip fracture. Participants had a mean age of 68.0 years (SD = 6.5), with women comprising 50.3% of the group. Approximately 80.3% of participants achieved an educational level of Illiteracy. A significant proportion of older adults resided in urban areas (62.4%) and were married (79.6%). The hip fracture group had a significantly higher mean age compared to the non-hip fracture group (P < 0.001). A significant difference in marital status was observed between the two groups (P = 0.04), with a higher proportion of married individuals in the hip fracture group. Smokers comprised 47.3% of the overall population and 45.3% of those with hip fractures. Alcohol consumption was reported by 47.1% of the overall population and 49.7% of individuals with hip fractures. The mean FI for all participants was 0.2 (SD = 0.1). The mean FI for the hip fracture group was 0.3 (SD = 0.2). The hip fracture group exhibited a significantly higher FI compared to the other group (P < 0.001). Frailty was observed in 25.9% of the overall participants, while 49.7% of individuals within the hip fracture group exhibited frailty. A significant difference in frailty prevalence was observed between the groups (P < 0.001), with a higher incidence in the hip fracture group. Among the participants, 22.1% were diagnosed with anemia, in contrast to 36.5% within the hip fracture group. A significant difference in anemia prevalence was found between the groups (P < 0.001), with a higher rate in the hip fracture group. Moreover, the analysis of baseline characteristics of included and excluded participants is shown in Supplementary Table S2.


TABLE 1 Characteristics of the study participants by hip fracture or not.
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3.2 The relationship between important variables

Table 2 presents the relationship between FI, anemia, and hip fracture. The study evaluated the relationship between FI and hip fracture in 6,326 participants. In the unadjusted model, the odds ratio (OR) for the association between FI and hip fracture was 1.13 (95% CI: 1.10–1.16, p < 0.001), demonstrating a significant positive relationship. In models 1, 2, and 3, the OR was 1.13. 95% CI: 1.09–1.16 (model 1); 1.10–1.16 (model 2); 1.09–1.16 (model 3). All p < 0.001. This indicated that adjustment for related factors did not significantly alter the significant positive relationship between FI and hip fracture.


TABLE 2 Logistic regression results of frailty index and anemia with hip fracture.

[image: Table 2]

The study comprised a cohort of 1,637 individuals who had been diagnosed with frailty. In the unadjusted model, frailty was significantly associated with hip fracture, with an odds ratio of 2.92 (95% CI: 2.13–4.01, p < 0.001). In models 1, 2 and 3, the OR were 2.80, 2.90 and 2.65, respectively. 95% CI: 2.02–3.88 (model 1); 2.09–4.03 (model 2); 1.87–3.76 (model 3), all p < 0.001. The positive correlation between frailty and hip fracture persisted significantly even after adjusting for relevant factors.

The study included 1,401 participants diagnosed with anemia. In the unadjusted model, the link between anemia and hip fracture among participants was OR = 2.06, 95% CI: 1.49–2.86, p < 0.001, suggesting a significant positive association. In models 1, 2 and 3, the OR were 1.80, 1.88 and 1.88, respectively. 95% CI: 1.34–2.62 (model 1); 1.33–2.64 (model 2); 1.33–2.64 (model 3), all p < 0.001. The positive correlation between anemia and hip fracture persisted significantly even after adjusting for relevant factors.

RCS regression analysis showed that FI was linearly related to hip fracture (for nonlinearity, P = 0.155; Figure 2A). Meanwhile, RCS regression analysis showed that FI was also linearly related to anemia (for nonlinearity, P = 0.092; Figure 2B).
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FIGURE 2
 Association between frailty index and hip fracture (A); Association between frailty index and anemia (B). Solid and dashed lines represent the predicted value and 95% CI. Blue bars represent the distribution of the entire cohort. Adjustments were made for age, gender, educational level, marital status, residence, smoking status, drinking status, BMI, and 14 chronic diseases, only 95% of the data is displayed. BMI, Body Mass Index.




3.3 Interactive effects of frailty index and anemia on hip fracture

Table 3 presents the combined effect of frailty and anemia on hip fracture after adjusting for confounding factors. Individuals with both frailty and anemia have a significantly higher risk of hip fracture (OR was 4.61, 95%CI 2.80–7.61) compared to those without these conditions. However, there was no multiplicative and additive interactions between frailty and anemia on hip fracture (Additive: relative excess risk of interaction was 0.81, 95% CI: −1.28–2.89; attributable proportion due to Interaction was 0.17, 95% CI: −0.22–0.57; Multiplicative, OR was 0.82, 95% CI 0.42–1.59).


TABLE 3 Interactive effects of frailty index and anemia on hip fracture.

[image: Table 3]



3.4 Anemia mediates the association between frailty index and hip fracture

Table 4 illustrates the association between FI, anemia, and hip fractures. The findings indicate a positive association between FI and hip fracture (r = 0.11, P < 0.001). Additionally, FI exhibits a positive association with anemia (r = 0.06, P < 0.001), and anemia exhibits a positive association with hip fracture (r = 0.06, P < 0.001).


TABLE 4 Association among frailty index and anemia with hip fracture.
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Utilizing bootstrap analysis, the influence of FI on hip fracture was determined to be 4.02 × 10−3 at baseline, P < 0.001. The 95% CI ranged from 1.39 × 10−4 to 9.32 × 10−4. The findings indicate that anemia substantially mediated the association between FI and hip fracture, explaining 18.95% of the total effect variance. The mediation pathway is depicted in Figure 3.


[image: Figure 3]
FIGURE 3
 Mediation models of frailty index, anemia, and hip fracture in older Chinese adults. β0 was the total effect of frailty index on hip fracture; β1 represents the effect of frailty index on anemia; β2 represents the effect of anemia on hip fracture. The mediation effect was computed as the product of “β1” and “β2”(β1 × β2), and the mediation proportion was calculated as the ratio of the mediation effect product to total effects [(β1 × β2)/β0].





4 Discussion

This cross-sectional study is the first to examine how anemia mediates the relationship between FI and hip fracture in a population-based cohort of older Chinese individuals. The results demonstrate a significant association between baseline FI and hip fracture. Anemia partially mediated the link between FI and hip fracture, confirming our initial hypothesis.

FI is associated with bone health, as studies show frail individuals often have lower bone mineral density, increasing their fracture risk (40). Previous study indicated that older adults diagnosed as frail using a frailty assessment tool faced a significantly increased risk of hip fractures compared to robust individuals, highlighting frailty as a predictor of fracture risk (41). Meanwhile, a study on older adults found that higher FI scores increased hip fracture risk, highlighting frailty's importance in assessing fracture risk (42). A study of HIV-infected male veterans identified the FI as a significant predictor of fragility fractures, including hip fractures, demonstrating its wide clinical relevance (43). Overall, the FI serves as a valuable indicator for identifying individuals at elevated risk of hip fracture and for informing targeted risk reduction strategies. Its link to hip fractures highlights the importance of regular frailty assessments in older adults to improve fracture prevention and management (40, 42–45).

A study indicates that frailty may predict anemia in older adults, as it is linked to weakness, exhaustion, and low physical activity, which can lower hemoglobin levels and raise anemia risk (46). In addition, previous studies indicate that frailty, linked to age-related declines in body reserves, is associated with various diseases, including anemia (45). A prior investigation into the interrelationship among erythrocyte indices, anemia, and obesity-related diseases identified a significant association between frailty and anemia within the context of metabolic disorders. This underscores the multifactorial nature of frailty and emphasizes the necessity of considering anemia as a contributing factor to various health conditions (47). Malnutrition, marked by insufficient iron, vitamin B12, and folic acid intake, commonly links anemia and frailty. Malnutrition can lead to muscle wasting and weakness, which are key traits of frailty. It can also hinder red blood cell production, resulting in anemia (48, 49). Another study examined the link between FI and blood-derived inflammatory markers, finding that elevated systemic inflammation, common in anemia, significantly correlates with increased FI. This indicates that inflammation might connect frailty and anemia (50). A study indicates that inflammatory markers like C-reactive protein (CRP) and interleukin-6 (IL-6) are elevated in frail individuals and linked to anemia and poor health outcomes. It suggests inflammation may worsen frailty by causing muscle wasting and reduced physical function, which are common in older adults with anemia (51).

A Korean study found that anemia increases fracture risk, especially hip fractures, in older adults. The risk is notably higher in those with moderate-to-severe anemia, highlighting the impact of anemia severity on fracture risk (28). Research from the Women's Health Initiative indicates that postmenopausal women with anemia have a significantly increased risk of hip fractures compared to those without anemia, emphasizing the importance of recognizing anemia as a fracture risk factor in older women (52). A study on cardiovascular health identified a correlation between anemia and an increased risk of hip fracture in males, with a similar association observed between declining hemoglobin levels and hip fracture risk (53). A Taiwanese study found that iron deficiency anemia (IDA) significantly increases the risk of osteoporosis, which subsequently raises the likelihood of fractures, including hip fractures (54).

Anemia was found to mediate the relationship between FI and hip fractures, supporting the idea that FI may promote hip fractures. A study indicated that low hemoglobin and anemia independently raise frailty risk, implying anemia could both result from and contribute to frailty (55). Furthermore, the correlation between systemic inflammation and anemia indicates a positive association between inflammatory markers and anemia. Inflammatory cytokines like IL-6 contribute to anemia by promoting hepcidin production, which restricts intestinal iron absorption and sequesters iron in macrophages, resulting in IDA (56). This underscores the possibility that inflammatory processes linked to frailty may exacerbate or contribute to the onset of anemia (57). Evidence indicates that anemia significantly impacts hip fracture incidence and outcomes (58). Anemia influences certain inflammatory mediators, such as CRP, which, when elevated, are linked to higher mortality in hip fracture patients, indicating that anemia-related inflammation may lead to negative outcomes (59). Research shows that red cell distribution width (RDW), an indicator of red blood cell size variation, can predict hip fracture risk in older men without anemia, emphasizing the influence of minor red blood cell variations on bone health and fracture susceptibility (27).

A holistic approach combining nutritional, physical, and medical interventions is essential to prevent frailty, anemia, and hip fractures in older people. Essential calcium and vitamin D supplements significantly reduce hip fracture risk, especially in older and institutionalized people (60). Exercise is another key component in preventing frailty and fractures. Engaging in regular physical activity, particularly resistance and weight-bearing exercises, enhances muscle strength, balance, and bone density, which reduces the risk of falls and fractures (61). Anemia in older people can be effectively addressed through dietary modifications, supplementation, and, when necessary, medical interventions such as erythropoiesis-stimulating agents or iron therapy (62–64).

This research has certain limitations. Firstly, the hip fracture data were obtained from patients' self-reported responses, which may be influenced by recall bias. Secondly, the characteristics of included and excluded participants were found to have significant differences among some covariables, including age, marital status, education level, place of residence, BMI, and the number of chronic diseases. This exclusion process may introduce selection bias. Thirdly, while this study accounted for several covariates, there remains the possibility that potential confounding factors, such as nutritional status and acute infection, could still be present and may influence the conclusions. Fourthly, the study did not examine the impact of anemia severity and type on the relationship between frailty and hip fracture, which may compromise the precision of the conclusions drawn. Fifthly, the cross-sectional nature of this study limits the ability to establish causal links between the FI, anemia, and hip fracture. Finally, our study was limited to 2015 data; future research should investigate additional pathways and employ repeated measures over an extended period.



5 Conclusion

This cross-sectional study analyzed 2015 CHARLS data to evaluate the overall impact of the FI on hip fractures and the mediating role of anemia. The result showed that FI and anemia were positively associated with hip fracture, and anemia played a mediating role in the association between FI and hip fracture. Reducing the FI and preventing anemia in the older people are crucial strategies for mitigating the risk of hip fractures. To promote healthy aging and prevent hip fractures, it is essential to encourage regular nutritional supplementation, engage in both aerobic and resistance training, and implement effective medical management of anemia among older adults.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://charls.pku.edu.cn/.



Ethics statement

This study is a secondary analysis using CHARLS data, approved by Peking University's Biomedical Ethics Review Committee (IRB001052-11015), with all participants providing written informed consent. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

CL: Validation, Writing – original draft. XZ: Data curation, Funding acquisition, Validation, Visualization, Writing – original draft. LZ: Data curation, Validation, Writing – review & editing. CM: Validation, Writing – review & editing. WZ: Validation, Writing – review & editing. HD: Conceptualization, Methodology, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study received joint funding from the Philosophy and Social Sciences Foundation of Anhui Higher Education Institutions, China (Grant Nos. 2024AH052821 and 2024AH052823).



Acknowledgments

We thank the China Health and Retirement Longitudinal Study teams for their efforts in data collection and sharing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1558074/full#supplementary-material



References

 1. Barzilay JI, Buzkova P, Cauley JA, Robbins JA, Fink HA, Mukamal KJ. The associations of subclinical atherosclerotic cardiovascular disease with hip fracture risk and bone mineral density in elderly adults. Osteoporos Int. (2018) 29:2219–30. doi: 10.1007/s00198-018-4611-9

 2. Tamaki J, Fujimori K, Ikehara S, Kamiya K, Nakatoh S, Okimoto N, et al. Estimates of hip fracture incidence in Japan using the National Health Insurance Claim Database in 2012-2015. Osteoporos Int. (2019) 30:975–83. doi: 10.1007/s00198-019-04844-8

 3. Wei J, Zeng L, Li S, Luo F, Xiang Z, Ding Q. Relationship between comorbidities and treatment decision-making in elderly hip fracture patients. Aging Clin Exp Res. (2019) 31:1735–41. doi: 10.1007/s40520-019-01134-5

 4. Choi HG, Lee JK, Lee MJ, Park B, Sim S, Lee SM. Blindness increases the risk for hip fracture and vertebral fracture but not the risk for distal radius fracture: a longitudinal follow-up study using a national sample cohort. Osteoporos Int. (2020) 31:2345–54. doi: 10.1007/s00198-020-05475-0

 5. Thingstad P, Taraldsen K, Hagen G, Sand S, Saltvedt I, Sletvold O, et al. Effectiveness of task specific gait and balance exercise 4 months after hip fracture: protocol of a randomized controlled trial–the Eva-hip study. Physiother Res Int. (2015) 20:87–99. doi: 10.1002/pri.1599

 6. Haentjens P, Magaziner J, Colon-Emeric CS, Vanderschueren D, Milisen K, Velkeniers B, et al. Meta-analysis: excess mortality after hip fracture among older women and men. Ann Intern Med. (2010) 152:380–90. doi: 10.7326/0003-4819-152-6-201003160-00008

 7. Curtis EM, van der Velde R, Moon RJ, van den Bergh JP, Geusens P, de Vries F, et al. Epidemiology of fractures in the United Kingdom 1988-2012: Variation with age, sex, geography, ethnicity and socioeconomic status. Bone. (2016) 87:19–26. doi: 10.1016/j.bone.2016.03.006

 8. Cheng SY, Levy AR, Lefaivre KA, Guy P, Kuramoto L, Sobolev B. Geographic trends in incidence of hip fractures: a comprehensive literature review. Osteoporos Int. (2011) 22:2575–86. doi: 10.1007/s00198-011-1596-z

 9. Gutierrez L, Roskell N, Castellsague J, Beard S, Rycroft C, Abeysinghe S, et al. Study of the incremental cost and clinical burden of hip fractures in postmenopausal women in the United Kingdom. J Med Econ. (2011) 14:99–107. doi: 10.3111/13696998.2010.547967

 10. Wang Y, Cui H, Zhang D, Zhang P. Hospitalisation cost analysis on hip fracture in China: a multicentre study among 73 tertiary hospitals. BMJ Open. (2018) 8:e019147. doi: 10.1136/bmjopen-2017-019147

 11. Prestmo A, Hagen G, Sletvold O, Helbostad JL, Thingstad P, Taraldsen K, et al. Comprehensive geriatric care for patients with hip fractures: a prospective, randomised, controlled trial. Lancet. (2015) 385:1623–33. doi: 10.1016/S0140-6736(14)62409-0

 12. Zhong BX, Zhong HL, Zhou GQ, Xu WQ, Lu Y, Zhao Q. Physical performance and risk of hip fracture in community-dwelling elderly people in China: A 4-year longitudinal cohort study. Maturitas. (2021) 146:26–33. doi: 10.1016/j.maturitas.2021.01.003

 13. Rockwood K, Howlett SE. Age-related deficit accumulation and the diseases of ageing. Mech Ageing Dev. (2019) 180:107–16. doi: 10.1016/j.mad.2019.04.005

 14. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet. (2013) 381:752–62. doi: 10.1016/S0140-6736(12)62167-9

 15. Dupre ME, Gu D, Warner DF, Yi Z. Frailty and type of death among older adults in China: prospective cohort study. BMJ. (2009) 338:b1175. doi: 10.1136/bmj.b1175

 16. Kulminski A, Yashin A, Ukraintseva S, Akushevich I, Arbeev K, Land K, et al. Accumulation of health disorders as a systemic measure of aging: findings from the NLTCS data. Mech Ageing Dev. (2006) 127:840–8. doi: 10.1016/j.mad.2006.08.005

 17. Chen Q, Tang B, Zhai Y, Chen Y, Jin Z, Han H, et al. Dynamic statistical model for predicting the risk of death among older Chinese people, using longitudinal repeated measures of the frailty index: a prospective cohort study. Age Ageing. (2020) 49:966–73. doi: 10.1093/ageing/afaa056

 18. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K, A. standard procedure for creating a frailty index. BMC Geriatr. (2008) 8:24. doi: 10.1186/1471-2318-8-24

 19. Wang Y, Chen Z, Zhou C. Social engagement and physical frailty in later life: does marital status matter? BMC Geriatr. (2021) 21:248. doi: 10.1186/s12877-021-02194-x

 20. Kojima G, Liljas AEM, Iliffe S. Frailty syndrome: implications and challenges for health care policy. Risk Manag Healthc Policy. (2019) 12:23–30. doi: 10.2147/RMHP.S168750

 21. Chen KW, Chang SF, Lin PL. Frailty as a predictor of future fracture in older adults: a systematic review and meta-analysis. Worldviews Evid Based Nurs. (2017) 14:282–93. doi: 10.1111/wvn.12222

 22. Pereira AA, Borim FSA, Neri AL. Absence of association between frailty index and survival in elderly Brazilians: the FIBRA study. Cad Saude Publica. (2017) 33:e00194115.

 23. Dai S, Wang S, He Y, Dai C, Yu J, Ma X. Association between anemia and sarcopenia among Chinese elderly: a cross-sectional study based on the China health and retirement longitudinal study. Exp Gerontol. (2023) 177:112183. doi: 10.1016/j.exger.2023.112183

 24. Cecchi F, Pancani S, Vannetti F, Boni R, Castagnoli C, Paperini A, et al. Hemoglobin concentration is associated with self-reported disability and reduced physical performance in a community dwelling population of nonagenarians: the Mugello Study. Intern Emerg Med. (2017) 12:1167–73. doi: 10.1007/s11739-017-1762-1

 25. Jang DK, Kang HW, Kim YH. Association between anemia and dynapenia in older adults: a population-based study. Aging Clin Exp Res. (2022) 34:1373–9. doi: 10.1007/s40520-021-02064-x

 26. Landi F, Russo A, Danese P, Liperoti R, Barillaro C, Bernabei R, et al. Anemia status, hemoglobin concentration, and mortality in nursing home older residents. J Am Med Dir Assoc. (2007) 8:322–7. doi: 10.1016/j.jamda.2007.01.028

 27. Kim KM, Lui LY, Cauley JA, Ensrud KE, Orwoll ES, Schousboe JT, et al. Red cell distribution width is a risk factor for hip fracture in elderly men without anemia. J Bone Miner Res. (2020) 35:869–74. doi: 10.1002/jbmr.3963

 28. Lee EA, Shin DW, Yoo JH, Ko HY, Jeong SM. Anemia and risk of fractures in older Korean adults: a nationwide population-based study. J Bone Miner Res. (2019) 34:1049–57. doi: 10.1002/jbmr.3675

 29. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China Health and Retirement Longitudinal Study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203

 30. Ren Y, Hu J, Lu B, Zhou W, Tan B. Prevalence and risk factors of hip fracture in a middle-aged and older Chinese population. Bone. (2019) 122:143–9. doi: 10.1016/j.bone.2019.02.020

 31. He D, Qiu Y, Yan M, Zhou T, Cheng Z, Li J, et al. Associations of metabolic heterogeneity of obesity with frailty progression: results from two prospective cohorts. J Cachexia Sarcopenia Muscle. (2023) 14:632–41. doi: 10.1002/jcsm.13169

 32. He D, Wang Z, Li J, Yu K, He Y, He X, et al. Changes in frailty and incident cardiovascular disease in three prospective cohorts. Eur Heart J. (2024) 45:1058–68. doi: 10.1093/eurheartj/ehad885

 33. Sun B, Wang J, Wang Y, Xiao W, Liu Y, Wang Y, et al. Associations of dynapenic abdominal obesity and frailty progression: evidence from two nationwide cohorts. Nutrients. (2024) 16:4. doi: 10.3390/nu16040518

 34. Luo J, Deng H, Wu Y, Zhang T, Cai Y, Yang Y. The weight-adjusted waist index and frailty: a cohort study from the China Health and Retirement Longitudinal Study. J Nutr Health Aging. (2024) 28:100322. doi: 10.1016/j.jnha.2024.100322

 35. Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci. (2007) 62:738–43. doi: 10.1093/gerona/62.7.738

 36. Theou O, Brothers TD, Mitnitski A, Rockwood K. Operationalization of frailty using eight commonly used scales and comparison of their ability to predict all-cause mortality. J Am Geriatr Soc. (2013) 61:1537–51. doi: 10.1111/jgs.12420

 37. Izaks GJ, Westendorp RG, Knook DL. The definition of anemia in older persons. JAMA. (1999) 281:1714–7. doi: 10.1001/jama.281.18.1714

 38. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. (1986) 51:1173–82. doi: 10.1037//0022-3514.51.6.1173

 39. Babones SJ. Fundamentals of Regression Modeling. London; Thousand Oaks, California: SAGE (2013). p. 4.

 40. Cook MJ, Oldroyd A, Pye SR, Ward KA, Gielen E, Ravindrarajah R, et al. Frailty and bone health in European men. Age Ageing. (2017) 46:635–41. doi: 10.1093/ageing/afw205

 41. Kim YP, Choe YR, Park JH, Kim S, Won CW, Hwang HS. Frailty index associated with all-cause mortality, long-term institutionalization, and hip fracture. Eur Geriatr Med. (2019) 10:403–11. doi: 10.1007/s41999-019-00196-y

 42. Kennedy CC, Ioannidis G, Rockwood K, Thabane L, Adachi JD, Kirkland S, et al. A Frailty Index predicts 10-year fracture risk in adults age 25 years and older: results from the Canadian Multicentre Osteoporosis Study (CaMos). Osteoporos Int. (2014) 25:2825–32. doi: 10.1007/s00198-014-2828-9

 43. Womack JA, Goulet JL, Gibert C, Brandt CA, Skanderson M, Gulanski B, et al. Physiologic frailty and fragility fracture in HIV-infected male veterans. Clin Infect Dis. (2013) 56:1498–504. doi: 10.1093/cid/cit056

 44. Tavares J, Sa-Couto P, Reis JD, Boltz M, Capezuti E. The role of frailty in predicting 3 and 6 months functional decline in hospitalized older adults: findings from a secondary analysis. Int J Environ Res Public Health. (2021) 18:13. doi: 10.3390/ijerph18137126

 45. Yilmaz O, Aykent B, Kucukdagli P, Tascioglu C, Bahat G. Frailty is associated with multimorbidities due to decreased physical reserve independent of age. Eur J Intern Med. (2019) 61:e12–3. doi: 10.1016/j.ejim.2019.01.017

 46. Zakai NA, French B, Arnold AM, Newman AB, Fried LF, Robbins J, et al. Hemoglobin decline, function, and mortality in the elderly: the cardiovascular health study. Am J Hematol. (2013) 88:5–9. doi: 10.1002/ajh.23336

 47. Kohsari M, Moradinazar M, Rahimi Z, Najafi F, Pasdar Y, Moradi A, et al. Association between RBC indices, anemia, and obesity-related diseases affected by body mass index in Iranian Kurdish population: results from a cohort study in Western Iran. Int J Endocrinol. (2021) 2021:9965728. doi: 10.1155/2021/9965728

 48. O'Halloran AM, Laird EJ, Feeney J, Healy M, Moran R, Beatty S, et al. Circulating micronutrient biomarkers are associated with 3 measures of frailty: evidence from the Irish longitudinal study on ageing. J Am Med Dir Assoc. (2020) 21:240–7 e5. doi: 10.1016/j.jamda.2019.06.011

 49. Ligthart-Melis GC, Luiking YC, Kakourou A, Cederholm T, Maier AB, de van der Schueren MAE. Frailty, sarcopenia, and malnutrition frequently (Co-)occur in hospitalized older adults: a systematic review and meta-analysis. J Am Med Dir Assoc. (2020) 21:1216–28. doi: 10.1016/j.jamda.2020.03.006

 50. Han S, Zhang Z, Cheng S, Han Y, Wang Q, Xi Y, et al. Correlations between frailty index and inflammatory markers derived from blood cell count in the United States. BMC Public Health. (2024) 24:3408. doi: 10.1186/s12889-024-20908-9

 51. Shokri-Mashhadi N, Moradi S, Heidari Z, Saadat S. Association of circulating C-reactive protein and high-sensitivity C-reactive protein with components of sarcopenia: a systematic review and meta-analysis of observational studies. Exp Gerontol. (2021) 150:111330. doi: 10.1016/j.exger.2021.111330

 52. Chen Z, Thomson CA, Aickin M, Nicholas JS, Van Wyck D, Lewis CE, et al. The relationship between incidence of fractures and anemia in older multiethnic women. J Am Geriatr Soc. (2010) 58:2337–44. doi: 10.1111/j.1532-5415.2010.03183.x

 53. Valderrabano RJ, Buzkova P, Chang PY, Zakai NA, Fink HA, Robbins JA, et al. Associations of hemoglobin and change in hemoglobin with risk of incident hip fracture in older men and women: the cardiovascular health study. Osteoporos Int. (2021) 32:1669–77. doi: 10.1007/s00198-021-05873-y

 54. Pan ML, Chen LR, Tsao HM, Chen KH. Iron deficiency anemia as a risk factor for osteoporosis in Taiwan: a nationwide population-based study. Nutrients. (2017) 9:616. doi: 10.3390/nu9060616

 55. Juarez-Cedillo T, Basurto-Acevedo L, Vega-Garcia S, Manuel-Apolinar L, Cruz-Tesoro E, Rodriguez-Perez JM, et al. Prevalence of anemia and its impact on the state of frailty in elderly people living in the community: SADEM study. Ann Hematol. (2014) 93:2057–62. doi: 10.1007/s00277-014-2155-4

 56. van Eijk LT, Kroot JJ, Tromp M, van der Hoeven JG, Swinkels DW, Pickkers P. Inflammation-induced hepcidin-25 is associated with the development of anemia in septic patients: an observational study. Crit Care. (2011) 15:R9. doi: 10.1186/cc9408

 57. Chen S, Xiao J, Cai W, Lu X, Liu C, Dong Y, et al. Association of the systemic immune-inflammation index with anemia: a population-based study. Front Immunol. (2024) 15:1391573. doi: 10.3389/fimmu.2024.1391573

 58. Dovjak P, Foger-Samwald U, Konrad M, Bichler B, Pietschmann P. Secondary confounders of osteoporotic hip fractures in patients admitted to a geriatric acute care department. Z Gerontol Geriatr. (2015) 48:633–40. doi: 10.1007/s00391-014-0821-8

 59. Norring-Agerskov D, Bathum L, Pedersen OB, Abrahamsen B, Lauritzen JB, et al. Biochemical markers of inflammation are associated with increased mortality in hip fracture patients: the Bispebjerg Hip Fracture Biobank. Aging Clin Exp Res. (2019) 31:1727–34. doi: 10.1007/s40520-019-01140-7

 60. Cianferotti L, Bifolco G, Caffarelli C, Mazziotti G, Migliaccio S, Napoli N, et al. Nutrition, Vitamin D, and calcium in elderly patients before and after a hip fracture and their impact on the musculoskeletal system: a narrative review. Nutrients. (2024) 16:1773. doi: 10.3390/nu16111773

 61. Daly RM. Exercise and nutritional approaches to prevent frail bones, falls and fractures: an update. Climacteric. (2017) 20:119–24. doi: 10.1080/13697137.2017.1286890

 62. Oyedeji CI, Artz AS, Cohen HJ. How I treat anemia in older adults. Blood. (2024) 143:205–13. doi: 10.1182/blood.2022017626

 63. Montez-Rath ME, Thomas IC, Charu V, Odden MC, Seib CD, Arya S, et al. Effect of starting dialysis versus continuing medical management on survival and home time in older adults with kidney failure: a target trial emulation study. Ann Intern Med. (2024) 177:1233–43. doi: 10.7326/M23-3028

 64. Ng O, Keeler BD, Mishra A, Simpson JA, Neal K, Al-Hassi HO, et al. Iron therapy for preoperative anaemia. Cochrane Database Syst Rev. (2019) 12:CD011588. doi: 10.1002/14651858.CD011588.pub3

Copyright
 © 2025 Li, Zhao, Zhang, Ma, Zhang and Ding. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-13-1558074-t002.jpg
OR (95% pvalue OR (95% pvalue OR (95% pvalue OR (95% p value
Frailty index | 6,326 | 1.13(1.10-1.16) <0.001 1.13 (1.09-1.16) <0.001 1.13 (1.10-1.16) <0.001 1.13 (1.09-1.16) <0.001
Frailty
No 4,689 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1,637 2.92(2.13-4.01) <0.001 2.80(2.02-3.88) <0.001 2.90 (2.09-4.03) <0.001 2.65 (1.87-3.76) <0.001
Anemia
No 4,925 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Yes 1,401 | 2.06 (1.49-2.86) <0.001 1.8 (1.34-2.62) <0.001 1.8 (1.33-2.64) <0.001 1.88 (1.33-2.64) <0.001

Model 1: adjusted for age, gender, educational level, marital status, and residence. Model 2: adjusted for model 1 + smoking status, drinking status, and BMI. Model 3: adjusted for model 2 +
14 chronic diseases. OR, odds ratio; 95% CI, 95% confidence interval. OR, odds ratio; CI, confidence interval.






OPS/images/fpubh-13-1558074-t003.jpg
Frailty status Anemia status OR (95% Cl) Multiplicative Measures of additive interaction

ORS(;?}"/?, Cl) RERI (95%Cl) AP (95%Cl)
Non-frailty Non-anemia 1 0.82(0.42-1.59) 0.81(—1.28-2.89) 0.17(-0.22-0.57)
Non-frailty Anemia 2.01(1.25-3.22) **
Frailty Non-anemia 2.80(1.83-4.28) **
Frailty Anemia 4.61 (2.80-7.61) **

Adjusted Model: adjust for all of these variables, including age, gender, educational level, marital status, residence, smoking status, BMI, and 14 chronic diseases. OR, odds ratio; 95% CI, 95%
confidence interval; RERI, relative excess risk of interaction; AP, attributable proportion due to interaction. **P < 0.01.





OPS/images/fpubh-13-1558074-g003.gif
Baassiaot presereao

Mediaianefc 9511 “
282104139010+ 932010-9

Medisionprogortion 1895%

fo-sonsto

P eooor





OPS/images/fpubh-13-1558074-t001.jpg
fracture (n

fracture (n

Age, mean = SD 68.0£6.5 67.9+64 69.7 £ 6.6 <0.001
Gender, 1 (%) 0.866
Male 3,145 (49.7) 3,067 (49.7) 78 (49.1)
Female 3,181 (50.3) 3,100 (50.3) 81(50.9)
Marital status, 11 (%) 0.004
Married 5,037 (79.6) 4,925 (79.9) 112 (70.4)
Unmarried 1,289 (20.4) 1,242 (20.1) 47 (29.6)
Education levels, n (%) 0.159
Illiteracy 5,078 (80.3) 4,941 (80.1) 137 (86.2)
Primary or middle school 862 (13.6) 846 (13.7) 16 (10.1)
High school and above 386 (6.1) 380 (6.2) 6(3.8)
Residence, 1 (%) 0.263
Urban 3,949 (62.4) 3,843 (62.3) 106 (66.7)
Rural 2,377 (37.6) 2,324 (37.7) 53(33.3)
Smoking, (%) 0.606
No 3,334 (52.7) 3,247 (52.7) 87 (54.7)
Yes 2,992 (47.3) 2,920 (47.3) 72 (45.3)
Drinking, 7 (%) 0.502
No 3,349 (52.9) 3,269 (53) 80 (50.3)
Yes 2,977 (47.1) 2,898 (47) 79 (49.7)
BMI, 7 (%) 0352
Underweight 496 (7.8) 483 (7.8) 13(8.2)
Normal 3,807 (60.2) 3,707 (60.1) 100 (62.9)
Overweight 1,712 (27.1) 1,669 (27.1) 43(27)
Obesity 311 (4.9) 308 (5) 3(1.9)
Number of chronic conditions, 7 (%) 0.006
0 1,182 (18.7) 1,162 (18.8) 20 (12.6)
1 1,428 (22.6) 1,402 (22.7) 26 (16.4)
>2 3,716 (58.7) 3,603 (58.4) 113 (71.1)
Frailty index, mean & SD 02+£0.1 0201 03£02 <0.001
Frailty, n (%) <0.001
No 4,689 (74.1) 4,609 (74.7) 80 (50.3)
Yes 1,637 (25.9) 1,558 (25.3) 79 (49.7)
Anemia, 7 (%) <0.001
No 4,925 (77.9) 4,824 (78.2) 101 (63.5)
Yes 1,401 (22.1) 1,343 (21.8) 58 (36.5)






OPS/images/fpubh-13-1558074-t004.jpg
Variables Frailty index ~Anemia Hip fracture

Frailty index 1.00
Anemia 0.06*** 1.00
Hip fracture 0.117%+* 0.06%* 1.00

Adjusted Model: adjust for all of these variables, including age, gender, educational level,
marital status, residence, smoking status, BMI, and 14 chronic diseases. ***P-value < 0.001.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Anemia as a mediator: bridging the frailty index and hip fractures in older Chinese populations



		1 Introduction



		2 Study methodology



		2.1 Data collection



		2.2 Assessments



		2.2.1 Hip fracture



		2.2.2 Frailty index



		2.2.3 Anemia



		2.2.4 Control variables









		2.3 Statistical analysis







		3 Result



		3.1 Baseline characteristics of the study participants



		3.2 The relationship between important variables



		3.3 Interactive effects of frailty index and anemia on hip fracture



		3.4 Anemia mediates the association between frailty index and hip fracture







		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Anemia as a mediator: bridging
the frailty index and hip fractures
in older Chinese populations





OPS/images/fpubh-13-1558074-g001.gif
21,095 parpans i CHARLS 2015

74500 potpans were i
A28 (0 11158
No fermation on ip frcturin
No éarmition o iy inden =0)
o farmation o0 anais(n-68)

8595 partcparts were nchdes nhe

orgia! sy

269 prtcpants wih mising lomasn
o coraates were exchded

6326 partcpants were cted e

o sy






OPS/images/fpubh-13-1558074-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







